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URFNVXUIDFH,QFRQWUDVWWKHPDLQIRUFHDSSOLHGWRDVKDUSGUDJELWWRHIIHFWURFNEUHDNDJHLVLQD
GLUHFWLRQ DSSUR[LPDWHO\SDUDOOHO WR WKH URFN VXUIDFH +RRGDQG  5R[ERURXJK7KHJUHDW
PDMRULW\RIWKHURFNFXWWLQJWRROVHPSOR\HGWRGD\DUHLQGHQWHUV7KXVDOOW\SHVRIUROOHUFXWWHUV
GLVNFXWWHUVUROOLQJFRQHELWVHWFEUHDNWKHURFNLQDQLQGHQWDWLRQSURFHVV6LPLODUO\DOOW\SHVRI
SHUFXVVLYHWRROVLQFOXGLQJSHUFXVVLRQGULOOELWVGRZQKROHGULOOELWVDQGKLJKHQHUJ\LPSDFWELWV
LQGXFH URFNIUDFWXUHE\ LQGHQWDWLRQ2QO\ URWDU\GULOOELWVDQGSLFNV VXFKDV WKRVHHPSOR\HGRQ
FRDOH[FDYDWLRQPDFKLQHVEUHDNWKHURFNE\DSSO\LQJWKHPDLQIRUFHLQDGLUHFWLRQSDUDOOHOWRWKH
URFNVXUIDFH+RRGDQG5R[ERURXJK
5RFN IUDJPHQWDWLRQ XVLQJ DQ LQGHQWHU LV WKH SUHIHUUHG WHFKQLTXH IRU HIIHFWLYH PHFKDQLFDO URFN
EUHDNDJHDQG LVHPSOR\HG LQPRVWRI WRGD\¶VPLQLQJDQGWXQQHOOLQJPDFKLQHV7KHURFN LQGHQWDWLRQ
UHSUHVHQWV WKH IXQGDPHQWDO SURFHVV IRU URFN H[FDYDWLRQ DQG IUDJPHQWDWLRQ E\ XVLQJ PHFKDQLFDO
PHWKRGV,WLVWKHUHIRUHQHFHVVDU\WRLQYHVWLJDWHWKHEDVLFGHIRUPDWLRQDQGIDLOXUHPHFKDQLVPVGXULQJ
WKHSURFHVVRIURFNLQGHQWDWLRQ.DKUDPDQHWDO$OVRLWLVYHU\HVVHQWLDOWRNQRZWKHSURFHVVRI
LQGHQWDWLRQWRDVVHVVWKHGULOOFXWWLQJPDFKLQHSHUIRUPDQFHDQGDOVRWRNQRZWKHVWUHQJWKRIURFNVIRU
WKHVXLWDELOLW\RIGULOOFXWWLQJSLFNVIRUSDUWLFXODUW\SHRIURFNV+DR=KDQJHWDO
&HQWUDOWRWKHVFLHQWLILFHYDOXDWLRQRIWKHURFNIUDJPHQWDWLRQSURFHVVLQGXFHGE\DQLQGHQWHULVWKH
LQGHQWDWLRQWHVWQRZDOVRZLGHO\DGRSWHGDVDVWDQGDUGLQGLFDWRURIPDWHULDOKDUGQHVV7KHLQGHQWDWLRQ
WHVW LV LQ IDFW D IUDFWXUH SURFHVV LQ ZKLFK VPDOOVFDOH IUDFWXUHV LQLWLDWH DQG SURSDJDWHZLWKLQ KLJKO\
ORFDOL]HGVWUHVVILHOGV%ULDQ/DZQHWDO
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WKH)RUFH3HQHWUDWLRQ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,QGHQWDWLRQRIURFN
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LVUHODWHGWR WKHKDUGQHVV LQGH[ WKHVRIWHUWKHPDWHULDO WKHODUJHUDQGGHHSHUWKH LQGHQWDWLRQDQGWKH
ORZHU WKH KDUGQHVV LQGH[ QXPEHU ,QGHQWDWLRQ WHVWV KDYH OHVV VWULQJHQW UHTXLUHPHQWV RQ VDPSOH
SUHSDUDWLRQ DQG WKH WHVWLQJ HTXLSPHQWPD\ EH OHVV VRSKLVWLFDWHG+HQFH VXFK WHVWV DUHPXFK HDVLHU
TXLFNHUDQGPRUHHFRQRPLFDOWRXVHWKDQVD\WKHVWDQGDUGXQLD[LDOFRPSUHVVLYHVWUHQJWK8&6WHVW
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DQGEHFDXVHRI WHVWLQJGLVVLPLODULWLHV
DPRQJ YDULRXV WHFKQLTXHV D FRPSUHKHQVLYH FRQYHUVLRQ FRXOG QRW EH GHYLVHG6]ZHG]LFNL
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,QGHQWDWLRQ H[SHULPHQW FDQ EH GRQH HLWKHU LQ GHSWKFRQWUROOHG RU ORDGFRQWUROOHG RUPHWKRGV
'HSWKFRQWUROOHGLQGHQWDWLRQLVGRQHE\VHWWLQJWKHPD[LPXPGHSWKRILQGHQWDWLRQYDOXHZKHUHDVWKH
ORDGFRQWUROOHGLQGHQWDWLRQLVGRQHE\VHWWLQJWKHPD[LPXPORDG,QWKHILUVWFRQGLWLRQPD[LPXPGHSWK
DQG ORDGYDOXHVDUH VSHFLILHG DQG WLSSHQHWUDWLRQ VWRSVDUHEDVHGRQZKLFKHYHURI WKHGHSWKRU ORDG
UHDFKHV ILUVW WR LWV PD[LPXP YDOXH 5DILTXO  9DULRXV VKDSHG LQGHQWHUV DUH ZHGJH FRQH
VSKHULFDO F\OLQGULFDO DQG S\UDPLG 7KH WHVWLQJPDFKLQH FRQVLVWV RI ORDGLQJ V\VWHP ORDGPHDVXULQJ
V\VWHPDQGSHQHWUDWLRQPHDVXULQJV\VWHP
,IIRUFHSHQHWUDWLRQJUDSKVRILQGHQWDWLRQWHVWVDUHYLVXDOO\REVHUYHGLWLVVHHQWKDWIRUFHLQFUHPHQWV
WDNHVRPHFHUWDLQSHULRGVDQGDIRUFHLQFUHPHQWSHULRGLVIROORZHGE\DIRUFHGURSRUIRUFHGHFUHPHQW
SHULRGGXHWRFKLSSLQJ,IDPDWHULDOLVPRUHSURQHWREUHDNDJHRUVKRZVEULWWOHFKDUDFWHULVWLFVLWPLJKW
EUHDNIUHTXHQWO\DQGYLROHQWO\DIWHUWDNLQJPRVWO\HODVWLFDQGVRPHSODVWLFGHIRUPDWLRQ7KHUHIRUHWKH
LQFUHPHQW SHULRGV RU WKH QXPEHU RI LQFUHPHQWLQJ SRLQWV IRU D FHUWDLQ LQGHQWDWLRQ SHQHWUDWLRQ RI D
EULWWOH PDWHULDO PLJKW EH VKRUWHU FRPSDUHG WR D GXFWLOH PDWHULDO ,I D PDWHULDO VKRZV GXFWLOH
FKDUDFWHULVWLFV LW ZRXOG QRW EUHDN IUHTXHQWO\ LW ZRXOG WDNH PRVWO\ SODVWLF DQG VRPH HODVWLF
GHIRUPDWLRQDQGLWVLQFUHPHQWSHULRGVPLJKWEHORQJHU7KHLQFUHPHQWDQGGHFUHPHQWSHULRGVRUWKH
QXPEHU RI LQFUHPHQWLQJ DQG GHFUHPHQWLQJ SRLQWV PLJKW YDU\ GHSHQGLQJ RQ WKH VL]H RI WKH FKLSV
FUDFNVDQGFUXVKHG]RQHDQGWKHYLROHQFHRIWKHEUHDNDJH/DUJHUFKLSVDQGGLVWXUEDQFHRIWKHFUXVKHG
FRPSDFWHG]RQHGXHWRYLROHQFHRIWKHFKLSSLQJPLJKWLQFUHDVHWKHGHFUHPHQWSHULRGV%DVHGRQWKHVH
FRQVLGHUDWLRQV LW FDQ EH FRQFOXGHG WKDW WKH SHUFHQWDJH RI WKH LQFUHPHQWLQJ RU GHFUHPHQWLQJ GDWD
SRLQWVRQWKHWRWDOGDWDSRLQWVLQDQLQGHQWDWLRQWHVWPLJKWEHDPHDVXUHRIWKHEUHDNDJHFKDUDFWHULVWLFRI
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WKHURFNV&RSXUHWDO
5DWH RI IRUFH LQFUHPHQW LV DOVR LPSRUWDQWZKHQ DQDO\]LQJ WKH EHKDYLRXU RI D URFN VDPSOH XQGHU
LQGHQWDWLRQORDGLQJ)RUFH LQFUHPHQWUDWHSHUXQLWSHQHWUDWLRQRUXQLW WLPHPLJKWEHDQLQGLFDWRURI
LQGHQWDWLRQ IRUFHV DQG EULWWOHQHVV RU EUHDNDJH FKDUDFWHULVWLFV )RUFH LQFUHPHQW UDWHPLJKW DOVR YDU\
GHSHQGLQJRQWKHVL]HRIWKHFKLSVFUDFNVDQGFUXVKHG]RQHDQGWKHYLROHQFHRIWKHEUHDNDJH&RSXUHW
DO
/DERUDWRU\LQGHQWDWLRQWHVWV
6LQFHURFNLQGHQWDWLRQLVWKHEDVLFSURFHVVLQGULOOLQJDQGERULQJQXPHURXVUHVHDUFKHUVKDYHFDUULHG
RXW LQGHQWDWLRQ WHVWV WR XQGHUVWDQG WKH LQGHQWDWLRQ SKHQRPHQD RU WR GHYHORS SUHGLFWLRQ PRGHOV IRU
GULOOLQJRUERULQJ.DKUDPDQHWDO
$UHYLHZRIWKHH[LVWLQJOLWHUDWXUHRQURFNLQGHQWDWLRQVKRZVWKDWH[FHOOHQWUHSRUWVRQWKHVXEMHFW
DUHDYDLODEOH0DXUHU&KHDWKDPDQG*QLUN6LPRQ0LVKQDHYVN\$OHKRVVHLQ
DQG+RRG6RPHRIWKHSXEOLFDWLRQVFRQFHQWUDWHRQDTXDOLWDWLYHGHVFULSWLRQRIWKHLQGHQWDWLRQ
SURFHVVRWKHUVSURSRVHIRUFHSHQHWUDWLRQUHODWLRQVKLSVEDVHGRQPDWKHPDWLFDOPRGHOVUHO\LQJRQVRPH
K\SRWKHVHVDERXWPDWHULDOEHKDYLRUDQGSK\VLFDOPHFKDQLVPVXQGHUWKHLQGHQWHU6XFKUHODWLRQVKLSVDUH
WKHQFRPSDUHG WR H[SHULPHQWDO UHVXOWVREWDLQHG IRUGLIIHUHQW W\SHVRI LQGHQWHU ZHGJH FRQH VSKHUH
S\UDPLGRUGLVFFXWWHUVDQGIRUGLIIHUHQWURFNW\SHV3DXODQG6LVNDUVNLH0LOOHUDQG6LVNDUVNLH
 /XQGEHUJ  *LOO HW DO .RX HW DO  )LQDOO\ VRPH DXWKRUV WU\ WR HVWDEOLVK D
FRUUHODWLRQ EHWZHHQ VRPH NLQG RI LQGH[ REWDLQHG IURP LQGHQWDWLRQ WHVWV WR PHFKDQLFDO SURSHUWLHV
XQLD[LDO FRPSUHVVLYH VWUHQJWK LQ JHQHUDO REWDLQHG IURP FRQYHQWLRQDO WHVWV )RU WKLV NLQG RI
DSSOLFDWLRQWKHLQGHQWDWLRQWHVWVKDYHEHHQSHUIRUPHGHLWKHULQWKHODERUDWRU\6]ODYLQ6ZHG]FNL
DQG'RQDOGRU LQVLGHERUHKROHVZLWKERUHKROH LQGHQWHUV 0XURPDFKLHWDO/HLWHHWDO

7KH LQGHQWDWLRQ WHVWV DUH XVHG WR GHVLJQ GULOOV DQG PHFKDQLFDO H[FDYDWRUV DQG SUHGLFW PDFKLQH
SHUIRUPDQFHE\DVVHVVLQJGULOODELOLW\DQGERUHDELOLW\RIURFNVDPSOHV0DXUHU'ROOLQJHU
'ROOLQJHUHWDO.DKUDPDQHWDO
7KH 5REELQV &RPSDQ\ ZKLFK ZDV WKH ODUJHVW WXQQHO ERULQJ PDFKLQH DQG UDLVH GULOO PDFKLQH
PDQXIDFWXULQJ FRPSDQ\ XVHG LQGHQWDWLRQ WHVWV DV RQH RI WKHLU SULQFLSDO WRROV IRU HYDOXDWLQJ WKH
ERUHDELOLW\RIURFNVDPSOHVZLWKUHVSHFWWRGHVLJQLQJWXQQHOERULQJPDFKLQHVDQGUDLVHERULQJPDFKLQHV
DQGSUHGLFWLRQRISHQHWUDWLRQUDWHV7KHPDLQDSSURDFKZDVWRSUHGLFWIRUFHVZKLFKZRXOGDFWRQDQ
DFWXDOFXWWHUE\FXUYHILWWLQJRIWKHIRUFHSHQHWUDWLRQGDWDREWDLQHGIURPLQGHQWDWLRQWHVWV%DVHGRQWKH
SUHGLFWHG IRUFHV DQG SHUIRUPDQFH WKHPDFKLQHZDV GHVLJQHG 7KH (DUWK0HFKDQLFV ,QVWLWXWH RI WKH
&RORUDGR 6FKRRO RI 0LQHV KDV DOVR EHLQJ XVHG LQGHQWDWLRQ WHVWV WR GHILQH URFN ERUHDELOLW\ DQG
FXWWDELOLW\IRUPDQ\\HDUV&RSXUHWDO
0DQ\ LQYHVWLJDWLRQVZLWKPLFURVFDOH LQGHQWDWLRQ WHVWLQJZHUH DOVR SHUIRUPHG IRU XQGHUVWDQGLQJ
EULWWOHFKDUDFWHULVWLFVRIPDQPDGHPDWHULDOVVXFKDVFHUDPLFVDQGJODVVHV/DZQ4XLQQ
6HJKDO%RFFDFFLQL
)UDFWXUHPHFKDQLFVKDVEHHQXVHGWRGHWHUPLQHWKHHYROXWLRQRILQGHQWDWLRQDIWHULQLWLDWLQJWKHFUDFN
/DZQHWDO0DUVK'DQG-RKQVRQSUHVHQWHGDFRQFHSWXDOPRGHORI
FDYLW\ H[SDQVLRQ WR VLPXODWH DQ HODVWRSODVWLF LQGHQWDWLRQ SURFHVV LQ D VHPLLQILQLWH GRPDLQ+XDQJ
'HWRXUQD\DQGFRZRUNHUVJHQHUDOL]HGWKLVFDYLW\H[SDQVLRQPRGHOWRGHVFULEHLQGHQWDWLRQ
ZLWKLQDSUHVVXUHVHQVLWLYHGLODWDQW0RKU±&RXORPEPDWHULDO
&RUUHODWLRQRILQGHQWDWLRQLQGLFHVZLWKPHFKDQLFDOSURSHUWLHVRIURFNV
,Q DGGLWLRQ WR PHDVXULQJ WKH VXUIDFH KDUGQHVV RI URFN WKH LQGHQWDWLRQ WHVW >DOVR NQRZQ DV
LQGHQWDWLRQKDUGQHVVWHVWDQGRUSXQFKSHQHWUDWLRQWHVW+DPLOWRQDQG+DQGHZLWK'ROOLQJHUHWDO
 6]ZHG]LFNL D <DJL] DQG 2]GHPLU  <DJL] @ LV RQH RI WKH PHWKRGV XVHG WR
HVWLPDWHVXFKURFNSURSHUWLHVDVEULWWOHQHVVWRXJKQHVVFXWWDELOLW\DQGGULOODELOLW\RIURFNV&RRNHWDO
'ROOLQJHUHWDO<DJL]DE&RSXUHWDO
7KH ILUVW WHVW DSSDUDWXV ZDV GHVLJQHG E\ +DPLOWRQ DQG +DQGHZLWK  DQG EXLOW E\ WKH
/DZUHQFH0DQXIDFWXULQJ&RPSDQ\LQ6HDWWOH:DVKLQJWRQ86$'ROOLQJHUHWDO<DJL]
$GHVFULSWLRQRIWKLVDSSDUDWXVZLWKWKHWHVWSURFHGXUHLVLQFOXGHGLQDSDSHUSUHVHQWHGE\+DQGHZLWKLQ
7KHWHVWZDVRULJLQDOO\LQWHQGHGWRSURYLGHDGLUHFWPHWKRGIRUHVWLPDWLQJWKHQRUPDOORDGVRQ
GLVF FXWWHUV LQ PHFKDQLFDO H[FDYDWLRQ RI URFN 6]ZHG]LFNL D E VWDWHG WKDW WKH LQGHQWDWLRQ
KDUGQHVVLQGH[,+,FRXOGEHFRPSXWHGE\XVLQJWKHILUVWHODVWLFOLQHDUSKDVHRIWKHIRUFHSHQHWUDWLRQ
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SURILOHDVIROORZV

  ,+,N1PP /3    
,QKLV DSSURDFK DW WKH ILUVW GHYLDWLRQ IURP OLQHDUEHKDYLRU WKHSHDN ORDG / DQGFRUUHVSRQGLQJ
SHQHWUDWLRQ3DUHWDNHQWRFDOFXODWHWKHKDUGQHVVLQGH[+HDOVRGHYHORSHGWKHUHODWLRQVKLSEHWZHHQ
XQLD[LDOFRPSUHVVLYHVWUHQJWK8&6DQG,+,DVJLYHQLQ(T

  8&603D ;,+,    
<DJL] DEVWDWHG WKDW WKH WHVWFDQEHXVHG IRU LQYHVWLJDWLQJ WKH WRXJKQHVVDQG
EULWWOHQHVV EHKDYLRU RI URFN XQGHU WKH LQGHQWHU RU FXWWHUV DV WKH WHVW KDV WKUHH GLVWLQFW SKDVHV LQ WKH
IRUFHSHQHWUDWLRQSURILOHZKLFKUHSUHVHQWYDULRXVURFNSURSHUWLHVLHGULOODELOLW\EULWWOHQHVVWRXJKQHVV
KDUGQHVV$VUHVXOW WKHEULWWOHQHVV LQGH[%,ZDVFRPSXWHGE\<DJL]XVLQJWKHVORSHRI WKH
HQWLUH SKDVH RI WKH IRUFHSHQHWUDWLRQ SURILOH REWDLQHG E\ GUDZLQJ D OLQH IURP WKH RULJLQ WR WKH
PD[LPXPDSSOLHGIRUFHDWWKHHQGRIWKHWHVWJLYHQDV

  %,N1PP )PD[3
,Q WKLV PHWKRG )PD[ LV WKH PD[LPXP DSSOLHG IRUFH RQ WKH URFN VDPSOH LQ N1 DQG 3 LV WKH
FRUUHVSRQGLQJ SHQHWUDWLRQ DW PD[LPXP IRUFH LQ PP <DJL] DOVR GHYHORSHG D URFN EULWWOHQHVV
FODVVLILFDWLRQEDVHGRQWKHIRUFHSHQHWUDWLRQSURILOHDQGWKHLQGH[LQWURGXFHG)XUWKHUWKHHTXDWLRQIRU
SUHGLFWLQJ WKH URFNEULWWOHQHVVZDVGHYHORSHGDVD IXQFWLRQRI8&6%UD]LOLDQ WHQVLOH VWUHQJWK %76
DQGURFNGHQVLW\<DJL]E

  %,N1PP 8&6%76ۃ
/LNHZLVH&RSXUHWDOGHYHORSHGDVHWRIEULWWOHQHVVLQGLFHV%,FRPSXWHGIURPWKHFRXQWRI
LQFUHPHQWDQGGHFUHPHQWGDWDSRLQWVRQWKHIRUFHSHQHWUDWLRQIRUFHSHQHWUDWLRQSURILOH+HVWDWHGWKDW
WKH LQGHQWDWLRQ WHVWFRXOGEHXVHG IRU LQYHVWLJDWLQJEULWWOHQHVVZKLFK LVRQHRI WKHPRVWFUXFLDO URFN
SURSHUWLHVIRUSUHGLFWLQJERUDELOLW\6DIIHW<DJL]

  %, NPN
,QKLVHTXDWLRQNLVWKHWRWDOQXPEHURIIRUFHLQFUHPHQWSRLQWVDQGPLVWKHWRWDOQXPEHURIIRUFH
GHFUHPHQWSRLQWVRQWKHIRUFHSHQHWUDWLRQJUDSK7KHWHVWLQJSURFHGXUHVGHVFULEHGLQWKHOLWHUDWXUHZHUH
RIWHQGHYHORSHGIRUVSHFLILFSXUSRVHVEXWGRQRWVSHFLI\FHUWDLQURFNFRQGLWLRQVRUSURSHUWLHV+DPLOWRQ
DQG+DQGHZLWK 'HNHWK HW DO 'ROOLQJHU HW DO  6]ZHG]LFNL D E<DJL] 
&RSXU HW DO <DJL]  D E $V WKH WHVW FRXOG EH XVHG IRU LQYHVWLJDWLQJ YDULRXV URFN
SURSHUWLHVHJDVEULWWOHQHVVWRXJKQHVVGULOODELOLW\FXWWDELOLW\DQGKDUGQHVV6DIIHW<DJL]
7KHKRXUO\SURGXFWLRQLQGLDPRQGVDZLQJLVHVWLPDWHGE\FDUU\LQJRXWLQGHQWDWLRQWHVWRQWKHURFNV
DQGWKHLQGHQWDWLRQKDUGQHVVLQGH[YDOXHVKDYHEHHQFRUUHODWHGZLWKWKHKRXUO\SURGXFWLRQLQGLDPRQG
VDZLQJ .DKUDPDQ HW DO $ OLQHDU LQYHUVH UHODWLRQVKLSZDV IRXQGEHWZHHQKRXUO\ SURGXFWLRQ
DQG,+,YDOXH7KHHTXDWLRQRIWKHOLQHLV
3K ,+,U 
:KHUH3KLVWKHKRXUO\SURGXFWLRQPK,+,LVWKHLQGHQWDWLRQKDUGQHVVLQGH[N1PP
7KHSUHGLFWLRQRI8&6DQG%76RIURFNVIURPLQGHQWDWLRQWHVWLVSRVVLEOHE\FRUUHODWLQJZLWK,+,
7KHSUHGLFWLRQRIURFNSURSHUWLHV OLNH8&6DQG%76IURPLQGHQWDWLRQWHVW LVHFRQRPLFDOSDUWLFXODUO\
IRUSUHOLPLQDU\LQYHVWLJDWLRQV.DKUDPDQHWDO$JRRGOLQHDUFRUUHODWLRQEHWZHHQWKH,+,DQG
8&6DQG%76ZHUHIRXQG7KHHTXDWLRQRIWKHOLQHLV
8&6 ,+,5 
:KHUH8&6 8QLD[LDO&RPSUHVVLYH6WHQJWK03D,+,LVWKHLQGHQWDWLRQKDUGQHVVLQGH[N1PP

%76 ,+,5 
:KHUH%76 %U]LOLDQ7HQVLOH6WHQJWK03D
$EULWWOHQHVVLQGH[REWDLQHGE\LQGHQWDWLRQWHVWDVDPXOWLSOLFDWLRQRIXQLD[LDOFRPSUHVVLYHVWUHQJWK
DQG%UD]LOLDQWHQVLOHVWUHQJWKDQGLQGLFDWHGDFRUUHODWLRQEHWZHHQWKHLQGH[DQGSHUFXVVLYHDQGURWDU\
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EODVW KROH GULOOLQJ SHUIRUPDQFH $OWLQGDJ   KH DOVR VWDWHG D FRUUHODWLRQ EHWZHHQ WKH
FRDUVHQHVVLQGH[RIURFNFXWWLQJVDQGSHUFXVVLYHGULOOLQJSHUIRUPDQFH
7KHFRUUHODWLRQVEHWZHHQLQGHQWDWLRQPRGXOXV,0ZKLFKLVDUDWLRRIFKDQJHLQORDGWRWKHFKDQJH
FHQWUH LQ SURSRUWLRQDOLW\ ]RQH RI ORDG YV SHQHWUDWLRQ FXUYH RI LQGHQWDWLRQ WHVW DQG PHFKDQLFDO
SURSHUWLHVRIVDQGVWRQHVDUHGHYHORSHGE\-HIIHUVRQHWDODVIROORZV

 8&6 ;,0  5 

6LPLODUO\WKHFRUUHODWLRQVEHWZHHQFULWLFDOWUDQVLWLRQIRUFH&7)ORDGOHYHOZKHUHLQWKHURFNORVHV
LWVOLQHDUEHKDYLRULQORDGYVSHQHWUDWLRQFXUYHRILQGHQWDWLRQWHVWDQGPHFKDQLFDOSURSHUWLHVRIVDQG
VWRQHVDUHGHYHORSHGE\WKHPDVIROORZV

 8&6 ;&7)  5 

,Q VDPH PDQQHU 0RKDPPDQG +DIWDQL HW DO  GHYHORSHG FRUUHODWLRQ HTXDWLRQV E\ OLQHDU
UHJUHVVLRQDQGH[SRQHQWLDOUHJUHVVLRQVEHWZHHQLQGHQWDWLRQPRGXOXV,0QDQGPHFKDQLFDOSURSHUWLHV
RI/LPHVWRQHURFNVDVIROORZV

 8&6 ,0Q  5   /LQHDU5HJUHVVLRQ

 8&6 H,0Q  5   ([SRQHQWLDO5HJUHVVLRQ

6LPLODUO\ WKH\ GHYHORSHG FRUUHODWLRQ HTXDWLRQV E\ OLQHDU UHJUHVVLRQ DQG H[SRQHQWLDO UHJUHVVLRQV
EHWZHHQFULWLFDOWUDQVLWLRQIRUFH&7)QDQGPHFKDQLFDOSURSHUWLHVRI/LPHVWRQHURFNVDVIROORZV

 8&6 &7)Q  5   /LQHDU5HJUHVVLRQ

 8&6 H,0Q  5   ([SRQHQWLDO5HJUHVVLRQ

7KH GXFWLOH URFNV \LHOGHG UHODWLYHO\ IODWWHU VPRRWKHU IRUFHSHQHWUDWLRQ JUDSKV DIWHUPDFURVFDOH
LQGHQWDWLRQWHVWV'ROOLQJHU7KHXVHRIWKHFRUUHODWLRQDQGWKH,QGHQWDWLRQWHVWLVKHOSIXOIRULQ
VLWXFDOLEUDWLRQRIWKHJHRORJLFDOPRGHOVVLQFHWKHLQGHQWDWLRQWHVWFDQEHSHUIRUPHGLQUHDOWLPHWKXV
UHGXFLQJFRVWVDQGWLPHDVVRFLDWHGZLWKGHOD\HGFRQYHQWLRQDOFKDUDFWHUL]DWLRQ-HIIHUVRQ0DWHXVHWDO

6RPHUHVHDUFKHUVKDYHGHYHORSHGQHZPRGHOVIRUILQGLQJVRPHSK\VLFRPHFKDQLFDOSURSHUWLHVRI
URFNV EDVHG RQ DOUHDG\ GHYHORSHG PRGHOV + /HLWH ) )HUODQG GHYHORSHG DQ LQWHUSUHWDWLRQ
PRGHOWRREWDLQWKHXQLD[LDOFRPSUHVVLYHVWUHQJWKRISRURXVPDWHULDOVIURPWKHUHVXOWVRILQGHQWDWLRQ
WHVWV ,W LV EDVHGRQ WKHPRGHO SURSRVHGE\:LOVRQ HW DO ,QW -0HFK 6FL    IRU WKH
LQWHUSUHWDWLRQRILQGHQWDWLRQWHVWVRQFRPSUHVVLEOHIRDPVDQGRQHVWLPDWLRQE\WKHPRIWKHH[WHQWRIWKH
FRPSDFWHG ]RQHXQGHU WKH LQGHQWHU7KH\ FRQFOXGHG WKDW WKH UHVXOWV RI LQGHQWDWLRQ WHVWV FDQ DOVREH
XVHGWRREWDLQWKH<RXQJ
VPRGXOXVRIWKHPDWHULDOZLWKDPRGHOSURSRVHGE\*LOOHWDO3URFHHGLQJV
RI WKH WK &DQDGLDQ 6\PSRVLXP RQ5RFN0HFKDQLFV   7KH\ KDYH LQWHUSUHWHG WKDW WKH
XQLD[LDO FRPSUHVVLYH VWUHQJWK YDOXHV REWDLQHG IURP WHVWV VKRZ D YHU\ JRRG DJUHHPHQW DQG IRU WKH
<RXQJ
VPRGXOXVWKHYDOXHVREWDLQHGDUHGLIIHUHQWEXWWKHYDULDWLRQRIWKHPRGXOLZLWKSRURVLW\LVWKH
VDPH
*5$QVWLV 3&KDQWLNXO %5/DZQ DQG '%0DUVKDOO H[SHULPHQWDOO\ VKRZQ WKDW WKH
DSSOLFDWLRQRI LQGHQWDWLRQWHFKQLTXHV WR WKHHYDOXDWLRQRI IUDFWXUH WRXJKQHVV LQ WZRSDUWV7KLV VWXG\
FRQFHUQ LWVHOI ZLWK DQ HYDOXDWLRQ RI VKDUSLQGHQWDWLRQ WHFKQLTXH LQ WKH GHWHUPLQDWLRQ RI YLWDOO\
LPSRUWDQWIUDFWXUHSDUDPHWHUVIRUFHUDPLFVQDPHO\WKHWRXJKQHVV,QSDUWWKHGHWHUPLQDWLRQLVPDGH
IURPGLUHFWPHDVXUHPHQWVRI WKHFUDFN WUDFHVRQ WKH LQGHQWHG VXUIDFHVXVLQJ WKH LQGHQWDWLRQ IUDFWXUH
WKHRU\ DV D VWUDLJKW IRUZDUG EDVLV IRU FDOFXODWLRQ ,Q SDUW  YDOXHV DUH REWDLQHG LQGLUHFWO\ IURP WKH
VWUHQJWKV RI LQGHQWHG IOH[XUDO WHVW SLHFHV LQ FRQMXQFWLRQ ZLWK D XQLILHG LQGHQWDWLRQ IUDFWXUH IDLOXUH
IRUPXODWLRQ
,QGHQWDWLRQFRQFHUQHGWRPHFKDQLVPRIURFNIUDFWXUHIDLOXUH
9DULRXVSKHQRPHQDRFFXUGXULQJWKHSURFHVVRIURFNLQGHQWDWLRQ7KHLQLWLDOVWDJHRILQGHQWDWLRQLV
HODVWLFSURYLGHGWKHVKDSHRIWKHLQGHQWHULVVPRRWK+RZHYHUIXUWKHUSHQHWUDWLRQOHDGVLQHYLWDEO\WR
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WKHGHYHORSPHQWRILUUHYHUVLEOHGHIRUPDWLRQZKLFKDFWVDVDSUHOXGHWRWKHLQLWLDWLRQDQGSURSDJDWLRQ
RI WHQVLOH IUDFWXUHV UHVXOWLQJ LQ URFN IUDJPHQWDWLRQ7KLVEHKDYLRU RI WKH URFNXQGHU LQGHQWDWLRQKDV
EHHQZLGHO\UHFRJQL]HGLQWKHOLWHUDWXUHHJ/DZQDQG:LOVKDZ.XWWHUDQG6DQLR6DQLR
1HOVRQHWDO:LMN)RZHOO.RXHWDO7DQHWDO$OHKRVVHLQDQG
+RRG
0DQ\ UHVHDUFKHUV KDYH LQYHVWLJDWHG WKH URFN LQGHQWDWLRQ SUREOHPV /DZQ DQG :LOVKDZ 
UHYLHZHG IUDFWXUH E\ LQGHQWDWLRQ ZKLFK PD\ EH WKH UHVXOW RI YDULRXV FUDFNV SURSDJDWLRQ VXFK DV
PHGLDQYHQWODWHUDOYHQWV/DZQDQG6ZDLQDQG+HUW]LDQW\SHFUDFNV&RRNHWDO%DVHG
RQ VWUHVV ILHOGV IRURQHDQG WZRSRLQW ORDGVRQDQHODVWLFKDOIVSDFH/LQGTYLVW DQDO\]HG WKH
IRUPDWLRQPHFKDQLVPRIWKHFUDFNV0RUHUHFHQWO\DYDULHW\RIQXPHULFDOPHWKRGVVXFKDVWKHILQLWH
HOHPHQW PHWKRG )(0 &DUSLQWHUL HW DO  &DUSLQWHUL DQG ,QYHUQL]]L  GLVSODFHPHQW
GLVFRQWLQXLW\ PHWKRG ''0 7DQ HW DO  URFN IDLOXUH SURFHVV DQDO\VLV RI WZR GLPHQVLRQV
5)3$' :DQJ HW DO  DQG URFN±WRRO LQWHUDFWLRQ 57' /LX HW DO  KDYH EHHQ
GHYHORSHG WR VLPXODWH WKH IUDJPHQWDWLRQSURFHVV LQ URFNVXQGHU LQGHQWDWLRQ7KHKHWHURJHQHLWLHV FDQ
DOVR EH DFFRXQWHG IRU 7KH UHVXOWV QHYHUWKHOHVV PD\ GHSHQG ODUJHO\ RQ WKH PRGHO DVVXPSWLRQV
0RUHRYHU DV REVHUYHG E\ 3DQJ DQG *ROGVPLWK  WKH GDPDJH SDWWHUQ FRQVLVWV RI D FUDWHU D
FUXVKHG]RQH DQGD UHJLRQRIPXOWLSOH FUDFNVZKLFK VXJJHVWV WKHGHYHORSPHQW RI DQ LQHODVWLF ]RQH
XQGHULQGHQWDWLRQDQGTXLWHRIWHQKDVEHHQEH\RQGWKHFDSWXUHRIWKRVHVLPXODWLRQV+DR&KDQJ
6LPLODUO\ WKHUH DUH GLIIHUHQW WKHRUHWLFDO H[SODQDWLRQV IRU WKH URFN EUHDNDJH PHFKDQLVP ZLWK
GLIIHUHQWW\SHVRIFXWWHUVSLFNDQGUROOHUFXWWHUVRULQGHQWRUV6RPHRIWKHVHH[SODQDWLRQVDUHEDVHGRQ
WHQVLOH IUDFWXULQJ VKHDULQJ HODVWLFLW\ WKHRU\ DQGRU RQ WKH SODVWLFLW\ WKHRU\ (YDQV  
1LVKLPDWVX5RVWDPLHWDO5R[RERURXJK5HFKPXWK&KHWKDP3DXOHW
DO 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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+XDQJHWDOPDXUHU
$ GHWDLOHG FKDUDFWHUL]DWLRQ RI WKH GLVWXUEHG ]RQH DURXQG WKH LQGHQWHU LV LPSRUWDQW VLQFH WKH
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VXEMHFW WKDW KDV DWWUDFWHG LQWHUHVW VLQFH WKH V VHH IRU H[DPSOH *QLUN DQG &KHDWKDP 
+RZHYHU WKHPDLQ UHVHDUFKZRUNVZKLFKZH IRXQG VWDUWHG IURP WKH V$PRQJ WKHP DUH WKRVH
FDUULHG RXW E\ :DJQHU DQG 6FKXPDQQ  1LVKLPDWVX  6LNDUVNLH DQG $OWLHUR 
/LQGTYLVW  .XPDQR DQG *ROGVPLWK  &RRN HW DO  3DQJ DQG *ROGVPLWK 
+RRG/LQGTYLVWHWDO.RXDQG7DQ
0DQ\VLPSOLILHGPRGHOVKDYHEHHQSURSRVHGWRJDLQXQGHUVWDQGLQJRIWKHURFNLQGHQWDWLRQSURFHVV
7KHGHYHORSPHQWRIGDPDJHLQWKHURFNSULRUWRWKHIRUPDWLRQRIWHQVLOHIUDFWXUHVLVJHQHUDOO\DQDO\]HG
XVLQJFDYLW\H[SDQVLRQPRGHOVIROORZLQJDQHDUO\VXJJHVWLRQE\%LVKRSHWDODQGWKHZRUNRI
0DUVKDQG-RKQVRQRQKDUGQHVVWHVWV$OHKRVVHLQ0DUVKVXJJHVWHG
WKDW WKH UHVSRQVHRI WKHPDWHULDO XQGHU DQ LQGHQWHU LV DQDORJRXV WR WKH H[SDQVLRQRI D F\OLQGULFDORU
VSKHULFDO FDYLW\ E\ DQ LQWHUQDO SUHVVXUH KH EDVHG KLV VXJJHVWLRQ RQ REVHUYDWLRQV RIPHWDO KDUGQHVV
H[SHULPHQWV FRQGXFWHG E\ 6DPXHO DQG 0XOKHDUQ  DQG 0XOKHDUQ  7KH H[SHULPHQWV
VKRZHGWKDWWKHVXEVXUIDFHGLVSODFHPHQWRIWKHPDWHULDOXQGHUDQLQGHQWHULVDSSUR[LPDWHO\UDGLDOIURP
WKH LQLWLDO SRLQW RI FRQWDFW DQG WKDW WKH HTXDO VWUDLQ FRQWRXUV DUH DSSUR[LPDWHO\ KHPLVSKHULFDO IRU
LQGHQWDWLRQZLWK DQ D[LV\PPHWULF WRRO 7KH FDYLW\ H[SDQVLRQPRGHOZDV ODWHU H[WHQGHG E\ -RKQVRQ
  IRUZHGJH RU FRQH LQGHQWDWLRQ LQ D 7UHVFDPDWHULDO *HQHUDOL]DWLRQ RI WKLV VROXWLRQ WR
FRKHVLYHIULFWLRQDOPDWHULDO LV GHVFULEHGE\'HWRXUQD\DQG+XDQJ  DQG WKHSUHGLFWLRQV RI WKLV
PRGHO ZHUH VKRZQ WR EH LQ JRRG DJUHHPHQW ZLWK UHVXOWV RI QXPHULFDO VLPXODWLRQV RI WKH ZHGJH
LQGHQWDWLRQSURFHVV'DPMDQDFDQG'HWRXUQD\
([SHULPHQWDOVWXGLHVRIURFNLQGHQWDWLRQHJ.RXHWDO&KHQDQG/DEX]KDYHEHHQ
FDUULHGRXWXVLQJSURELQJ WHFKQLTXHVVXFKDVDFRXVWLFHPLVVLRQ$(7KHVH LQGHQWDWLRQVWXGLHVKDYH
FRQILUPHG WKDW WKH URFN ILUVWXQGHUJRHVFUXVKLQJ LQFRPSUHVVLRQZKLFK LV WKHQ DWDFHUWDLQ VWDJHRI
LQGHQWDWLRQIROORZHGE\LQLWLDWLRQDQGSURSDJDWLRQRIWHQVLOHIUDFWXUHV7KH$(HYHQWVUHFRUGHGGXULQJ
LQGHQWDWLRQH[SHULPHQWVLQKDUGURFNVVXFKDVFKDUFRDOJUDQLWHQRULWHDQGTXDUW]LWHLQGLFDWHWKDW LQ
WKH DEVHQFH RI FRQILQHPHQW IRUPDWLRQ RI WKH LQHODVWLF ]RQH LV IROORZHG E\ WKH LQLWLDWLRQ DQG
SURSDJDWLRQ RI D GHHSVHDWHG YHUWLFDO FUDFN &KHQ DQG /DEX]  7KH $( HYHQWV DOVR VKRZ
KRZHYHUWKDWGHYHORSPHQWRIWKHGDPDJHG]RQHLVFRQVWUDLQHGE\ODWHUDOFRQILQHPHQWDQGODWHUDOVXE
KRUL]RQWDO FUDFNV DUH LQLWLDWHG LQVWHDGRIYHUWLFDO FUDFNV2EVHUYDWLRQV IURPPDQ\H[SHULPHQWVZLWK
YDULRXVW\SHVRILQGHQWHUVOHDGWRWKHFRQFOXVLRQWKDWWZRPDMRUW\SHVRIFUDFNVLQLWLDWHLQWKHYLFLQLW\RI
WKHFUXVKHG]RQHGXULQJORDGLQJLGHHSVHDWHGYHUWLFDOFUDFNVDQGLLODWHUDORUVXEKRUL]RQWDOFUDFNV
([SHULPHQWDOREVHUYDWLRQVDOVRVKRZWKDWURFNFKLSSLQJLVFDXVHGE\ODWHUDORUVXEKRUL]RQWDOFUDFNV
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DQGQRWE\YHUWLFDOFUDFNV+XDQJ 
7KHNH\IDFWRUVFRQWUROOLQJWKHIDLOXUHSURFHVVDUH&KHQ
D 7KHPHFKDQLFDOSURSHUWLHVRIWKHURFNLQFOXGLQJWKHHODVWLFLW\DQGVWUHQJWKSDUDPHWHUV
E 7KHJHRPHWULFIHDWXUHVRIWKHWRROVXFKDVWKHZHGJHDQJOHDQG
F 7KHODWHUDOFRQILQHPHQWVLPXODWLQJWKHIDUILHOGVWUHVV
'XH WR WKH FRPSOH[LW\ YDULRXV DSSUR[LPDWH PRGHOV KDYH EHHQ LQWURGXFHG IRU GHDOLQJ ZLWK WKLV
SUREOHPWKHRUHWLFDOO\,QPDQ\UHVHDUFKZRUNVWKHURFNKDVEHHQWUHDWHGDVDQLGHDOLVRWURSLFHODVWLF
PDWHULDOZKHQFDOFXODWLQJWKHVWUHVVGLVWULEXWLRQDQGWKHQGHWHUPLQLQJIDLOXUHE\XVLQJWKH&RXORPERU
0RKU&RXORPEVWUHQJWKDQGWKHPD[LPXPWHQVLOHVWUHQJWKFULWHULRQIRUH[DPSOH+RRG&RRN
HWDO&RQVLGHULQJWKHH[LVWHQFHRIFUXVKHGDQGFUDFNHGURFNQHDUWKHLQGHQWHUURFNFRQWDFWIDFH
DPRGHOLQFOXGLQJDVRIWHQHG]RQHXQGHUQHDWKWKHLQGHQWHUZDVLQWURGXFHGE\<RIIHDQGDGDSWHG
E\ 7DQ  $ PRGLILHG HODVWLF VWUHVV ILHOG ZDV REWDLQHG E\ WDNLQJ WKLV VRIWHQHG ]RQH LQWR
FRQVLGHUDWLRQ.RXVXJJHVWHGDQRWKHUPRGHOZKHUH WKHGHWDLOHGFDOFXODWLRQRIWKHVWUHVVILHOG
ZDVDYRLGHGDQGLQVWHDGDVLPLODULW\PHWKRGZDVDSSOLHGWRHVWDEOLVKWKFUHODWLRQVKLSEHWZHHQUHVSRQVH
DQGJRYHUQLQJSDUDPHWHUVSURFHVV6KDR4XDQ.RXHWDO

)LJ*HQHUDOSLFWXUHRIIUDFWXUHV\VWHPVLQURFNXQGHULQGHQWDWLRQ
7KH LQGHQWDWLRQ GHSWK LV DFWXDOO\ WKH UHIOHFWLRQ RI WKH IUDFWXUHV XQGHUQHDWK WKH LQGHQWHU 7KH
IUDFWXUHVLQGXFHGE\DQLQGHQWHUDUHUDWKHUFRPSOLFDWHGXQGHUQHDWKWKHLQGHQWHU7KHUHDUHWKUHH]RQHV
LHD]RQHRIGLVLQWHJUDWHGDQGSDUWO\FRPSDFWHGURFNIUDJPHQWVDFUXVKHG]RQHDQGDFUDFNHG]RQH
2XWVLGHWKHFUDFNHG]RQHWKHUHDUHEDVLFDOO\WKUHHV\VWHPVRIFUDFNVPHGLDQFUDFNVUDGLDOFUDFNVDQG
VLGHFUDFNV6RPHWLPHV+HUW]LDQFUDFNVDUHDOVRREVHUYHGLQURFNVXQGHULQGHQWDWLRQZLWKDQD[LDOO\
V\PPHWULFLQGHQWHU)XOO\GHYHORSHGUDGLDOFUDFNVRQHDFKVLGHRIWKHLQGHQWHGDUHDFDQFRQQHFWZLWK
HDFKRWKHUDQGMRLQZLWKPHGLDQFUDFNV7KLVIRUPVWKHVRFDOOHGUDGLDOPHGLDQFUDFNV\VWHPSURFHVV
6KDR4XDQ.RXHWDO
+DR=KDQJ*DQ\XQ+XDQJ+DLSHQJ6RQJ<LODQ.DQJKDYHGHVLJQHGDQLQGHQWDWLRQVHWXS
DQGXVHGLQFRQMXQFWLRQZLWKWKHQRQGHVWUXFWLYHWHFKQLTXHRIGLJLWDOLPDJHFRUUHODWLRQ',&WRVWXG\
WKHGHIRUPDWLRQDQGIDLOXUHRIURFNVDPSOHV7KHLUH[SHULPHQWDOUHVXOWVVKRZHGWKDWWKHQRQGHVWUXFWLYH
WHFKQLTXH',&ZDVHIILFLHQW LQ WUDFLQJ WKHGHIRUPDWLRQEHKDYLRUDQG LGHQWLI\LQJWKH OHQJWKRIFUDFNV
IRUPHGDQGWKHRQVHWRIWKHWHQVLOHIUDFWXUH
&RQFOXVLRQV
D 7KH LQGHQWDWLRQ WHFKQLTXH LV FRQVLGHUHG DV D XVHIXO PHWKRG IRU WKH DVVHVVPHQW RI URFN
KDUGQHVVDQGDOORZVIRUWKHDVVHVVPHQWRIVWUHQJWKSDUDPHWHUV
E 7KH LQGHQWDWLRQSDUDPHWHUV FDQEH WDNHQDVPHFKDQLFDO FKDUDFWHULVWLFVRI URFNV ,QGHQWDWLRQ
WHVW DOORZV IRU WKH FKDUDFWHUL]DWLRQ RI PHFKDQLFDO SURSHUWLHV RI URFNV DQG VKRXOG ILQG
DSSOLFDWLRQ LQ JHRWHFKQLFDO GHVLJQ HVSHFLDOO\ LQ SUHGLFWLQJ GULOODELOLW\ FXWWDELOLW\ DQG
VDZDELOLW\RIURFNV
F 7KHLQGHQWDWLRQWHVWLQJLVQRWDLPHGDWUHSODFLQJ8&6WHVWLQJEXWUDWKHUDVDTXLFNPHWKRGWR
HVWLPDWHWKHPHFKDQLFDOSURSHUWLHVDQGDQHDV\PHWKRGRIFODVVLI\LQJURFNVWUHQJWK
G 7KH IRUFHSHQHWUDWLRQ FXUYHV RI LQGHQWDWLRQ RI URFNV YDULRXV SDUDPHWHUV OLNH ,QGHQWDWLRQ
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+DUQGHVV ,QGH[,+, ,QGHQWDWLRQ 0RGXOXV,0 &ULWLFDO 7UDQVLWLRQ )RUFH&7) DQG
%ULWWOHQHVV,QGH[%,FDQEHREWDLQHGLQRUGHUWRFRUUHODWHWKHVHSDUDPHWHUVZLWKSURSHUWLHVRI
URFN,IWKHURFNEHLQJORDGHGLVFRPSDUDWLYHO\PRUHEULWWOHLW\LHOGVUHODWLYHO\PRUHIOXFWXDWHG
IRUFHSHQHWUDWLRQGXHWRFKLSSLQJZKLFKPHDQVOHVVIOXFWXDWLRQIRUPRUHGXFWLOHURFNV6KDSHV
RI IRUFHSHQHWUDWLRQ UHVSRQVH GHSHQG DOVR RQ WKH PLFUR WH[WXUH JUDLQ JHRPHWU\ PDWUL[
PDWHULDODQGPDFURVWUHQJWKHODVWLFLW\SURSHUWLHVRIURFNVJHRPHWU\RILQGHQWRUVKDUSQHVV
VKDSH GLPHQVLRQ DQG VRPH HQYLURQPHQWDO SDUDPHWHUV W\SH RI ORDGLQJ WHPSHUDWXUH
FRQILQHPHQWDPRXQWDQGPDWHULDOGDWDVDPSOLQJUDWH
H 7KHUH DUHGLIIHUHQW WKHRUHWLFDO H[SODQDWLRQV IRU WKH URFNEUHDNDJHPHFKDQLVPZLWKGLIIHUHQW
W\SHVRIFXWWHUVSLFNDQGUROOHUFXWWHUVRULQGHQWRUV6RPHRIWKHVHH[SODQDWLRQVDUHEDVHGRQ
WHQVLOHIUDFWXULQJVKHDULQJHODVWLFLW\WKHRU\DQGRURQWKHSODVWLFLW\WKHRU\,QDOORIWKHFDVHV
WKHUH DUH VLPLODU PHFKDQLVPV D FUXVKHG ]RQH LV FUHDWHG LQ WKH URFN GXH WR WKH KLJK
FRPSUHVVLYH VWUHVV FRQFHQWUDWLRQV JHQHUDWHG E\ WKH WRRO 7HQVLOH KRRS VWUHVVHV RFFXU LQ WKH
SHULPHWHU RI WKH FUXVKHG ]RQH ,I WKH URFN LV EULWWOH KRRS VWUHVV FUHDWHV WHQVLOH FUDFNV RU
IUDFWXUHVSURSDJDWLQJRXWZDUGVRU WRZDUGV WKHDGMDFHQWFXWWLQJOLQHV ,I WKH WZRFUDFNV IURP
DGMDFHQW FXWVPHHW WKH URFN ULGJH EHWZHHQ WKH FXW OLQHV LV UHPRYHG ,Q WKH FDVH RI GXFWLOH
IDLOXUH VKHDULQJ SOD\V D PDMRU UROH LQVWHDG RI WHQVLOH IUDFWXUH GHYHORSPHQW ,Q UHDOLW\ WKH
PHFKDQLFDO URFN EUHDNDJH SURFHVV LQFOXGHV WR YDU\LQJ GHJUHHV WHQVLOH DQG VKHDU W\SHV RI
IDLOXUHPRGHVGHSHQGLQJRQURFNSURSHUWLHVFXWWHUDQGFXWWLQJJHRPHWU\
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